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1: Si substrate 

2: oxide film 

2a: oxide film 

3: polycrystalline Si layer 

3 ' : silicon gate 

3a: sharp edge 

3b: broken piece 

4: source 

5: drain 

5': thermal oxide film 

6: oxide film formed by the third oxidation 

7: SiO: film formed by a CVD method 

8: Al electrode 
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Claim 

A .nanufacturing method of silicon gate semiconductor device 
characterized by the following facts: a gate portion made of 
insulating film (2a) and silicon layer is formed on silicon 
substrate (1); with this gate portion used as a masX, opening 
portion is formed by etching on the aforementioned insulating 
film; through this opening portion, source and drain diffusion 
regions (4), (5) are formed on substrate (1) adjacent to the gate 
portion; then, a silicon oxide film is coated from the exterior 
to cover the gate, source and drain for the silicon gate 
semiconductor device; in this manufacturing method, after source 
and drain regions (4), (5) are formed on said substrate (1), an 
oxide film (6) is formed by thermal oxidation on the 
aforementioned silicon substrate (1) and silicon gate surface in 
a degree sufficient to ensure at least oxidation of the edge of 
the aforementioned silicon gate formed by side etching of the 
insulating film when the aforementioned opening portion is 
formed; via this oxide film (6), silicon oxide film (7) formed 
from the exterior is coated. 



po.-;.n«d eyplanar.ion invention 

This Invention concerns a ..anuf acturing nethod of a silicon 

gate semiconductor device. 

For the silicon gate semiconductor device, such as the HIS 
field-effect semiconductor device, silicon (Si) is used as the 
gate electrode, and it is formed on the semiconductor ^"^-'"te 
!ia silicon dioxide or other insulating film. Compared with the 
conventional type of MIS field-effect transistor using aluminum 
,A1) etc., as the gate material, the voltage can be reduced, the 
pcwei consumption can be decreased, and the other electrical 
Characteristics are excellent, and the reliability is high 
consequently, this type of semiconductor device has been adopted 
in more and more cases recently. 

The most commonly adopted manufacturing method of the 
aforementioned Si gate MIS field-effect semiconductor device 
(referred to as MIS FET hereinafter) is as follows: silicon oxide 

ilm is formed on a single crystal Si substrate; a polysilicon 
layer is grown on this oxide film; except the prescribed portion 
for the gate, the aforementioned oxide film and a portion of the 
Si layer are etched to expose a portion of the Si substrate; 
then, impurity diffusion is carried out to form the source and 
drain regions on the aforementioned substrate, followed by 
coating a SiO, film by chemical vapor deposition method (referred 
to as CVD film hereinafter) on the entire surface. Then, after 
the undesired portion of the CVD film is etched off, metal is 
evaporated to form electrode wiring for the various regions of 
gate, source and drain. 
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However, in the aforementioned manufacturing method, in the 
etching operation performed before diffusion of the source and 
drain regions, the phenomenon of sand [sic; side] etching of the 
oxide film beneath the polysilicon layer takes place. That is, 
as shown in Figure 1, on substrate (1), the upper edges of the 
side surface portions of polysilicon layer (3) and oxide film (2) 
are deeply etched to form acute angle shaped edges (3a); hence, 
in the later operation stages, the Si edges may be broken under 
impact to form debris (3b); in addition, as the thickness of 
lower side oxide film (2) is as small, about 0.1 Mm, short- 
circuiting may take place between the gate and substrate. 

in addition, in the aforementioned manufacturing method, 
after the source and drain regions are formed, a void is 
developed between the oxide film formed using the CVD method and 
the side surface of gate oxide film (2) formed in the initial 
thermal oxidation, and this void may cause problems in 
insulation. In addition, for the aforementioned CVD oxide film, 
as it is porous, pinholes may develop easily; as a result, it is 
very difficult to maintain a reliable insulating property when 
the aluminum wiring is to be formed on the aforementioned film, 
in particular, for the step portion of the Si gate. 

consequently, in the conventional manufacturing method of 
semiconductor devices, poor insulation leads to increase in the 
defective rate of the semiconductor products, and it is thus 
difficult to cut the cost of manufacturing. 

The purpose of this invention is to solve the aforementioned 
problems of conventional methods by providing a manufacturing 
n^ethod of Si gate MIS FET characterized by the fact that the 
insulating property of the Si gate can be maintained, the 



defective rate can be reduced, and the reliability and quality of 
the semiconductor device can be improved. 

in order to realize the aforementioned purpose, this 
invention provides a type of manufacturing method of Si gate 
semiconductor device characterized by the following facts: after 
a gate made of oxide film and Si is formed on a semiconductor 
substrate, opening portions are formed by etching on the 
aforementioned oxide film with the aforementioned gate used as 
mask, and the source and drain diffusion regions are forced on 
the substrate adjacent to the gate through the aforementioned 
opening portions, an oxide film is formed by thermal oxxdation on 
the surface of the Si substrate and the aforementioned Si gate to 
a degree which at least ensures oxidation of the si gate edge 
formed due to side etching of the oxide film when the 

aforementioned opening portions are formed, and a CVD oxide film 
is formed on the entire surface via this oxide film. 

in this method, by performing thermal oxidation before 
formation of the CVD oxide film, the Si gate edge and its debris 
are transformed to a fine silicon oxide film, at the same time a 
fine oxide film is coated on the surface of si gate, source and 
drain; in this way, the imperfect insulating property of the 
porous oxide film formed in the next CVD operation stage can be 
supplemented, and the insulating property of the Si gate can be 

maintained reliably. 

in the following, this invention will be explained with 

reference to application examples. 

Figure 2 illustrates the manufacturing procedure of a Si 

gate MIS FET. 
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(a) An N-type Si semiconductor substrate (1) (with a 
thicKness of 250 [and a resistivity of] 2-4 n-cxn) i^^^-^^^ 
in an oxidative atmosphere at about 1200oc to form an oxide film 
(2) with a thickness of about 0.5 Mm (first oxidation); 

(b) The portions of said oxide film (2) corresponding to the 
active regions, that is, the gate, source and drain regions, are 
removed by photoetching; 

(c) substrate (1) is heated again in an oxidative 
atmosphere at about 1200-0, forming thermal oxide film (2a) with 
a thickness of about 0.1 .m on the aforementioned removed 
portions (secondary oxidation) ; ^ 

(d) Si is grown on the entire oxide film (2) on substrate 
M) by a reaction between the halide compound of Si and hydrogen, 
forming a polysilicon Si layer (3) (thicKness of 1 .m) by growth 

^'(e) The portions to form source and drain are removed by 
pnotoetching oxide film (2a) on substrate (1) and P°^>;-^^^-";; 
layer (3) formed on said oxide film (2a) to expose substrate (1) , 
and, at the same time, to form Si gate portion (3'); 

(f) A P-type impurity, such as boron, is diffused into the 
exposed portion on substrate (1), forming source and drain 
regions (4), (5) on substrate (1); 

(g) By heating semiconductor substrate (1) m an oxidative 
atmosphere at llOO^C, a thermal oxide film (6) with a thicKness 

of 0.1 m is formed. ^ * . 

The aforementioned heating operation is carried out at a 
relatively low temperature of 1100-C. The reason is to reduce 
the influence on source and drain regions (4), (5) which have 
been formed (third oxidation) ; 
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(h) on the surface of semiconductor substrate (1), a SiOj 
film (7) (0.5 Mm) is formed using the CVD method, such as 
low-temperature oxidation of monosilane (SiH4) ; 

(i) SiO, film (t) on the portion where the electrode is to 
be formed is removed using photoetching; then, Al (8) is formed 
by vacuum evaporation; the unneeded portion is removed usxng 
photoetching, forming the various electrodes for gate G, source S 
and drain D, and the element is completed. 

For the semiconductor device forined in this process, as 
described in stage (g) , a high-density thermal oxide film (6) is 
formed on the surface of the Si substrate including the Si gate, 
followed by formation of CVD oxide film (7) in operation stage 
(h)- hence, in the etching process, there is no collapse of the 
Si portion, and the insulating property can be improved for the 
periphery of the Si gate and for the substrate surface. 

AS explained in the aforementioned application example, this 
invention can provide a type of Si gate semiconductor device with 
excellent insulating property and high reliability. 

Rrif>f expi^T^^^tion the figures 

Figure 1 is a cross-sectional view illustrating the 
state of the silicon and the insulating oxide film formed 
by etching. Figure 2 presents cross-sectional views 
illustrating the manufacturing procedure in an application 
example of this invention. 
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aluminum electrode 




Figure 1. 
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Figure 2 . 




Figure 2. 



